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Summary
Contamination of grain with mycotoxins such as deoxynivalenol 
(DON) is the major threat after Fusarium head blight (FHB) infec-
tion of wheat; however technological quality can also be impaired. 
The European Union has established maximum levels (ML) of DON 
for wheat grain and foodstuffs. The composition (starch, gluten pro-
teins) and quality (protein content, sedimentation value, wet gluten, 
water absorption, mixing properties of dough, baking volume) of 
72 flour Type 550 samples from two years either fulfilling or exceed-
ing ML of 0.75 mg kg-1 were investigated. DON content of flours 
ranged widely from below limit of quantification to 11.84 mg kg-1. 
Aside from a slight loss of loaf shape in flours highly exceeding 
ML, no negative effect on composition and quality of flour was ob-
served in flours exceeding ML compared to those fulfilling ML. A 
significant decrease in total glutenin and LMW-GS content did not 
correlate with any quality trait. Hence, if flours fulfill ML for DON, 
reduced technological quality due to FHB is not significant. 
Introduction
Wheat is one of the most important staple foods worldwide. Together 
with rice and maize, it provides about 60% of the world’s food energy 
intake (Fao, 2014). In Germany, winter wheat covers about 44% of 
the total cereal production area (StatiStiScheS BundeSamt, 2013), 
while each citizen consumes about 71 kg wheat flour (StatiStiScheS 
BundeSamt, 2013) as well as 85 kg bread and bakery products per 
year (Belv, 2009). Due to its great importance in the human diet, 
especially as bread wheat, the production of wheat with a minimum 
content of contaminants is of major interest. Fusarium head blight 
(FHB) of wheat is a worldwide-occurring disease with tremendous 
economic importance. During the 1990s, FHB of wheat and barley 
caused about $3 bn losses due to reduced yield, grain and seed qual-
ity in the United States (WindelS, 2000). Fusarium graminearum 
is generally described as the predominant specie causing FHB 
(oSBorne and Stein, 2007). In Europe, deoxynivalenol (DON), its 
acetylated derivates (3-ADON, 15-ADON), and zearalenon (ZEN) 
are the most frequently detected mycotoxins in wheat and wheat 
products (Bottalico and Perrone, 2002). The toxicological effects 
of these mycotoxins on mammals range from anorexia to impaired 
reproduction (PeStka, 2010; Zinedine et al., 2007). Therefore the 
European Union has established maximum levels (ML) of DON and 
ZEN for cereals and cereal products, including foodstuffs produced 
from wheat (Commission Regulation (EC) No. 1881/2006). Accord-
ingly, unprocessed wheat, cereal flour, bread and wheat-based foods 
for infants and young children must not contain more than 1250, 
750, 500, and 200 as well as 100, 75, 50, and 20 μg kg-1 for DON 
and ZEN, respectively. 
Aside from the toxicological risk resulting from mycotoxin contami-
nation of wheat, wheat quality may be impaired since FHB infec-
tion may influence grain components, such as starch and proteins 
(Siuda et al., 2010) and subsequently end-use quality traits, as 
pasting properties (Wang et al., 2005a) and baking performance 
(lancova et al., 2008). Wang et al. (2005b) found the compo- 
sition of gluten proteins, which contribute considerable to the baking 
properties of wheat, altered as a result of FHB. A distinct reduc-
tion in the content of both total glutenin and high-molecular-weight 
glutenin subunits was detected in wheat after serious artificial infec-
tion. As a result, the dough quality was impaired and consequently, 
an unsatisfactory bread quality was observed.
Biochemical changes in grain composition and subsequent changes 
in wheat quality traits caused by FHB might result from both fungal 
enzymes and impaired synthesis of grain components. It is assumed 
that Fusarium ssp. secrete enzymes, such as carbohydrases and pro-
teases, during the invasion of the kernel thus degrading starch, cell 
wall components, and gluten proteins (eggert et al., 2011; dexter 
and noWicki, 2003; Pekkarinen et al., 2000). Fusarium infection 
might also lead to an incomplete accumulation of kernel constitu-
ents through the mechanical blocking of vascular bundles by fungal 
mycelium (goSWami and kiStler, 2004; kang and Buchenauer, 
2000; riBichich et al., 2000) or thorough impaired synthesis of 
grain components due to the presence of mycotoxins (erikSen and 
PetterSSon, 2004; caSale and hart, 1988). 
This study investigates how wheat quality is affected if ML of DON 
for flour of 0.75 mg kg-1 is fulfilled or exceeded. Both flour compo-
sition and common quality parameters of wheat, including ultimate 
criterion of baking volume, are investigated. ML for DON was used 
because ZEN content of flour samples was insignificant. The study 
uses flour Type 550 which is the most processed bread flour in Ger- 
many. Flour was milled from naturally Fusarium infected grain. 
Earlier studies, investigating the relationship of Fusarium infection 
and wheat quality, mainly investigated only severely artificially in-
fected samples (gartner et al., 2008; Prange et al., 2005) or un- 
processed grain (lancova et al., 2008; Wang et al., 2005a, b). 
Others compared several kernel classes ranging from lightly to se-
verely Fusarium damaged grain (Siuda et al., 2010; Boyacioglu 
and hettiarachchy, 1995; Bechtel et al., 1985). The often cited 
study of nightingale et al., 1999 demonstrated impaired wheat 
quality in in Fusarium damaged wheat that comprised 88.0-113.0 
mg kg-1 DON. Severely Fusarium damaged kernels and highly DON 
contaminated wheat and wheat products are suitable to demonstrate 
a potential Fusarium damage on grain but rather lack practical 
relevance since a grain lot is a mixture of all kernel classes, removal 
of severely and moderately infected kernels by cleaning procedures 
is possible to a certain degree (SeitZ et al., 1986), and maximum 
level of DON is a legal criterion of exclusion. Therefore earlier stu-
dies might have overestimated the impact of FHB on baking quality 
wheat within the legal range of DON. 
Material and methods
Plant material
Flour Type 550 were gained from Fusarium infected wheat grain 
harvested in a field experiment carried out from 2007 and 2009 at 
two locations (Torland, Gladebeck) near Goettingen, in the south 
of Lower Saxony, Germany. Natural variation of DON within the 
samples resulted from the experimental factors including pre-crop 
(wheat, maize, sugar beet), cultivar (highly/hardly susceptible against 
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FHB), and fungicide treatment (strobilurin, triazole, chlorathalonil 
applied during tillering). A complete description of the field experi-
ment is given in kreuZBerger (2011). Two common German bread 
wheat cultivars were cultivated, alike in quality parameters (accord-
ing to Federal Office of Cultivar Variety) but differing in suscepti-
bility against FHB; Ritmo shows high susceptibility against FHB 
(FHB+), Centrum is hardly susceptible against FHB (FHB-). Grain 
was harvested by combine harvester (Farmliner, Deutz-Fahr, Co-
logne, Germany) at a grain moisture content of 14.5-16%.
Post-harvest treatment
Thirty-six bulk samples of always six kg were created per year with-
in each factor treatment of the trial. Samples were cleaned once with 
the standard settings of A/S Rationel Kornservice, Esbjerk, Den-
mark. After one month of storage two kg of each bulk sample were 
tempered for 12 h at ambient temperature to gain a moisture content 
of 15.5%. After that grain was milled into flour with an extraction 
rate of 75% and an average mineral content of 0.55% in dry matter, 
also known as flour Type 550 (Buhler laboratory mill type MLU 202, 
Uzwil, Switzerland; Quadrumat Senior 220/380, Brabender, Duis-
burg, Germany). Mineral content of flour was determined slightly 
modified according to ICC STANDARD NO 104/1. Five g of flour 
were dried until constant weight and incinerated in a muffle furnace 
for 4 h at 900 °C. Flour samples were kept in air-tight bottles (PE) at 
4-8 °C in the dark until analysis.
Quantification of deoxynivalenol
DON determination was performed by LC-MS/MS. Five g of flour 
were extracted with 50 ml acetonitrile-water (84:16, v/v). The 
extraction solvent was replaced with methanol-isopropanol-water 
(80:5:15, v/v/v) during the so-called acetonitril crisis in 2008/2009. 
The extracts were cleared, defatted, dried, dissolved in methanol-
water (1:1, v/v) and filtered as previously described (adejumo et al., 
2007) and injected into a C18 column (Kinetex, 50 x 4.6 mm i.d., 
2.6 μm; Phenomenex, CA, USA), equipped with a pre-column con-
taining the same C18 material. A gradient of solvent A (5 mM ace-
tic acid in water containing 5% acetonitrile) and solvent B (5 mM 
acetic acid in methanol) was used as the mobile phase. DON was 
detected by tandem mass spectrometry (Varian 1200L MS/MS sys-
tem (Varian, Inc. CA, USA) equipped with a triple quadrupole mass 
spectrometer, two ProStar 210 liquid chromatographic pumps, a 
410 autosampler, and a 500 MS Ion Trap mass spectrometer with 
ESI interface). The triple quadrupole settings (adejumo et al., 
2007) and mass transitions (klotZel et al., 2006) were previously 
described. Calibration curves were prepared by spiking certified 
analytical standards into blanks of flour, which were then processed 
in the same way as the samples (matrix-matched standards). The 
limit of detection (LOD: 0.015 mg kg-1) and quantification (LOQ: 
0.10 mg kg-1) were determined based on the signal-to-noise ratio. 
DON content was based on dry matter of flour.
Determination of flour composition
Starch
Starch content was determined according to icc Standard no. 
123/1 and measured by polarimetric method (Polarimeter type V 
DrNa, Zeiss AG, Jena, Germany). Protein was precipitated with 
wolframatophosphoric acid. Starch content was calculated with the 
rotation angle of the filtrate at 589 nm. Each measurement was re-
peated twice.
Gluten proteins
Extraction of gliadins and glutenins from 100 mg of flour was con-
ducted according to WieSer (2000). Before each extraction step, 
solvent and flour or sediment, respectively, were vortexed for two 
minutes. Albumins/globulins and gliadins were extracted at room 
temperature with magnet stirring (Variomag Multipoint 15, H+P 
Labortechnik AG, Oberschleissheim, Germany). Extraction of glu-
tenins was performed for 20 min at 60 °C (Thermomixer comfort, 
Eppendorf AG, Hamburg, Germany) at 750 rpm. Suspensions were 
centrifuged (Centrifuge 5804R, Eppendorf, Hamburg, Germany) at 
20 °C for 15 min at 7500 rpm. Each sample was extracted twice. 
Protein extracts were stored at -20 °C until measurement.
For quantification of protein fractions, gliadin and glutenin stan-
dards were prepared from commercially available gluten from wheat 
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany) as described 
by eggert et al. (2011). Protein content of isolated gliadin and glu-
tenin was determined by C/N analyser (Vario MAX CN Elementar 
Analysensysteme GmbH, Hanau, Germany). Protein content of glia-
din and glutenin standard were 93.41% and 100.00% of dry matter, 
respectively. Gliadin and glutenin standards were solved and deter-
mined accordingly WieSer (2000).
Quantification of gliadin and glutenin fractions followed with slight 
modification the description of WieSer et al. (1998) and eggert 
et al. (2010). For the RP-HPLC, a PerfectSil 300 C8 300 x 4.6 column 
(Machery-Nagel, Dueren, Germany) was used. Mobile phases were 
A = 0.1% trifluoroacetic acid (TFA) (Merck, Darmstadt, Germany) 
in H2O (v/v) (Chromanorm, VWR, Fontenay-Sous-Bois, France) 
and B = 0,1% TFA in acetonitrile (v/v) (HiPerSolv, Chromanorm, 
VWR; Leuven, Belgium). All solvents were of HPLC grade. 100 μl 
of the aliquots of gliadin and glutenin were injected. The gradient 
conditions for separation and analysis of protein fractions were as 
followed: A, 100 - 76% in 0 - 5 min; 76 - 50% in 5 - 50 min; 50 - 
10% in 50 - 54 min; 10 - 100%, 54 - 59 min. Flow rate was 1 ml 
min-1; and the column temperature were set at 50 °C. Gliadin sub- 
fractions were separated into w5-, w1,2-, a-, g-gliadins, whereas 
glutenins (GS) were separated into wb-GS, HMW-GS (high mole-
cular weight glutenins), and LMW-GS (low molecular weight glute-
nins). For the quantification of the protein fractions gliadin and glu-
tenin standards were used. In order to eliminate the effect of starch 
accumulation and the adverse relationship with protein content in 
grain, quantity of gliadin, glutenin as well as subfractions were cal-
culated as percentage of total protein in flour Type 550 (% protein). 
Total protein content was on average 11.7%, 10.2%, and 10.4% 
2007, 2008, and 2009, respectively. HPLC system (MZ Analysen-
technik, Mainz, Germany) consisted of autosampler (Jasco AS-2051 
Plus Intelligent Sampler), oven (Jasco CO-2060 Plus Intelligent 
Column Thermostat), degaser (Jasco DG-2080-54 4-Line-Degaser), 
pump (Jasco PU-2080 Plus Intelligent HPLC Pump), gradient mixer 
(Jasco LG-2080-04 S), and detector (Jasco MD-2015 Plus Multi-
wavelength Detector). The chromatograms were analyzed by Jasco 
ChromPass Chromatography Data Systems Version 1.8.6.1.
Determination of quality parameters
Protein content
Nitrogen content was determined according to Dumas principle 
from 100 mg dried flour by C/N analyzer (Vario MAX CN Elemen-
tar Analysensysteme GmbH, Hanau, Germany). Protein content was 
calculated according to icc Standard no. 105/2 (N x 5.7).
Sedimentation value and wet gluten content
Sedimentation value and wet gluten content were determined ac-
cording to icc Standard no. 151 and icc Standard no. 106/2, 
respectively.
Water absorption and mixing properties of dough 
Water absorption and mixing properties (dough development time, 
dough stability, degree of softening) were obtained according to 
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modified ICC STANDARD NO. 115/1 using a valorigraph (Type 
FQA-205, Metefem, Budapest, Hungary) in 2007 and Farinograph 
(Brabender®, No. 901368, type 810 105 001, Duisburg, Germany) 
in 2009. Farinograms were analyzed with Brabender® Farinograph 
Version 4.0.3. Each measurement was repeated three times. 
Microbaking test
Dough was prepared with 50 g flour (corrected to 14% moisture con-
tent), 1% sucrose, 1% fat, 1.5% salt, 5% fresh yeast, and 0.002% 
L-ascorbic acid based on flour weight. Water was added according 
to determined water absorption. 
Dough was mixed for 2 min at 30 °C, proofed for 20 min at 30 °C 
in a water saturated atmosphere (Ecocell 55, MMM Medcenter Ein- 
richtungen GmbH, Munich, Germany), separated into five dough 
balls of equal weight and relaxed for further 3 min. In order to remove 
air bubbles, dough balls were formed with a noodle machine (model 
Atlas 150, Marcato, Italy) and rolled into a log shape. Dough pieces 
were further proofed for 45 min. Baking was performed for 12 min at 
240 °C (electric furnance, AEG Haustechnik, Nuernberg, Germany) 
according to kieFFer et al. (1993). Baking volume was measured 
after loaves had cooled by rapeseed displacement.
Statistical analysis
Data were analyzed separately for 2007 and 2009 with SigmaPlot 
version 13.0, Systat Software GmbH, Erkrath, Germany. To describe 
factors influencing variation of DON content two-factorial analysis 
of variance (ANOVA) was conducted with raw data considering pre-
crop (P) and cultivar (C) as main factors. Assumptions were normal 
distribution and homogenicity of variance checking residuals with 
q plot.
To investigate the difference in quality between flours fulfilling and 
exceeding ML flour Type 550 samples were divided into two groups 
independently of experimental factors: flours fulfilling ML of DON 
for flour (≤0.75 mg kg-1), and flours exceeding this level (>0.75 mg 
kg-1). Statistical significance (p<0.001) between the two groups was 
calculated with two-tailed t test if raw data was normally distributed 
and exhibited equal variance. If these assumptions were not given 
Whitney-Rank Sum test was applied. 
Results
DON content of flours ranged from 0.31 to 11.84 mg kg-1 and from 
<LOQ to 8.42 mg kg-1 in 2007 and 2009, respectively. Aside from 
year, most of the total variation in DON content of flour Type 550 
basically resulted from the experimental factors pre-crop and cul-
tivar (Fig. 1). The average DON level was significantly higher in 
2007 than in 2009. In both years DON content was maximized 
after pre-crop maize in the strongly susceptible cultivar, followed 
by pre-crop wheat and sugar beet. Flour from the hardly susceptible 
cultivar contained in both years on average about 76% less DON 
than the strongly susceptible cultivar. However, there was inter- 
action between pre-crop and cultivar.
The categorization of flour samples into the two groups of fulfilling 
or exceeding ML led to different group sizes within the two years. 
In 2007 only about 30% of the samples fulfilled ML, in 2009 over 
50% of the samples fulfilled the limit (Fig. 2). DON content ranged 
from 0.31 to 0.75 mg kg-1and from 0.79 to 11.84 mg kg-1 in the two 
groups in 2007. In 2009 DON content ranged from <LOQ (0.10) to 
0.73 mg kg-1 and from 0.85 to 8.42 mg kg-1. 
Starch content of flours exceeding ML was about 2.5% increased 
compared to flours fulfilling ML in 2009 (Fig. 3). This effect was 
not visible in 2007. Other studies observed either no effect (Wang 
et al., 2005a) or found starch content decreased after severe Fusa-
rium infection of grain (Siuda et al., 2010; matthauS et al., 2004; 
PaWelZik et al., 1998).
Protein content did not differ between flours fulfilling or exceed-
ing ML in both years (Fig. 3). Some studies also confirm that pro-
tein content was not affected by Fusarium infection (terZi et al., 
2007; Prange et al., 2005; dexter et al., 1996; Wang et al., 2005b; 
SeitZ et al., 1986). In contrast, other studies observed an increase 
(e.g. Siuda et al., 2010; matthauS et al., 2004; Boyacioglu and 
hettiarachchy, 1995) or a decrease of protein content after severe 
Fusarium infection of grain (e.g. gartner et al., 2008; Prange 
et al., 2005; nightingale et al., 1999).
Total gluten content did not differ between flours fulfilling or ex-
ceeding ML in both years (Fig. 3). However, gluten composition 
differed in both years (Fig. 4). Content of total gliadin (Fig. 4 A) and 
gliadin subfractions (w5, w1,2, a) showed no significant difference 
between the two groups in both years (not shown). That gliadins are 
not significantly influenced by FHB of wheat is supported by the 
Fig. 1: Distribution of DON in flours Type 550 milled from wheat cultivated after pre-crop sugar beet (SB), winter wheat (WW), and maize (M) divided by 
cultivar hardly (FHB-) and highly (FHB+) susceptible against FHB in 2007 (A) and 2009 (B). Results of two-way ANOVA. Box plots show 25-75% 
percentile, median (solid line), and mean (dotted line).
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Fig. 2:  DON contamination of flour Type 550 in 2007 and 2009 grouped 
into fulfilling (≤0.75) and exceeding (>0.75) EU maximum level of 
DON (mg kg-1) for flour. In breaks − number of samples per group. 
Significant difference between groups within year is indicated 
through * (p<0.001). Box plots show 25-75% percentile, median 
(solid line), and mean (dotted line).
Fig. 3:  Starch (A), protein (B), and total gluten (C) content of flour Type 
550 samples in 2007 and 2009 grouped into fulfilling (≤0.75) and 
exceeding (>0.75) EU maximum level of DON (mg kg-1) for flour. 
Significant difference between groups within year is indicated 
through * (p<0.001). Box plots show 25-75% percentile, median 
(solid line), and mean (dotted line).
results of e.g. dexter et al. (1996) and Prange et al. (2005) where 
DON levels where similar or even exceeded DON of this study. On 
the contrary, Wang et al. (2005b) and eggert et al. (2010) observed 
a slight increase in total gliadin content and gliadin subfractions in 
severely Fusarium infected kernels of one wheat cultivar. This could 
only be observed for g-gliadin in 2007 in flours exceeding ML. In 
2009 this effect was not visible (not shown).
In contrast, in both years content of total glutenins was significantly 
reduced in flours exceeding ML compared to flours fulfilling ML 
(Fig. 4 B). The quantitative difference was about 20.6 and 10.8% in 
2007 and 2009, respectively. This effect basically resulted from the 
lower LMW-GS content of these flours (Fig. 4 C). In 2007 and 2009 
LMW-GS was about 22.4 and 11.7% lower in flours exceeding ML. 
Consequently gliadin-to-glutenin ratio was significantly increased in 
the samples exceeding ML (not shown). Content of HMW-GS was 
slightly decreased in flours exceeding ML in both years, however 
this difference was not significant. There was also no significant 
difference in wb-GS (not shown). Other studies also detected a de-
crease of total glutenin however this was mainly due to decreased 
HMW-GS content (eggert et al., 2010; Wang et al., 2005b). They 
also observed an increase of LMW-GS which was contrary to the 
results of this study. On the contrary Prange et al. (2005) did not 
find an effect in flours that contained similar high DON levels as 
flours investigated in this study. WieSer and kieFFer (2001) demon-
strated that a changed gluten composition, more specifically a wider 
gliadin-to-glutenin or LMW-GS-to-HMW-GS, leads to impaired 
dough, gluten, and baking properties. Since in this study the quanti-
tative change in gluten composition did not correlate with any of the 
quality parameters it can be regarded as insignificant.
Sedimentation value and water absorption of flours did not show 
any difference between the two groups in any year (Fig. 5 A, C). 
These results are confirmed by a few studies (e.g. Siuda et al., 2010; 
gartner et al., 2008; dexter et al., 1996). On the other hand, se-
veral authors reported a decrease of sedimentation value (gartner 
et al., 2008; terZi et al., 2007; Wang et al., 2005b; Boyacioglu 
and hettiarachchy, 1995) and at least a slight increase of water 
absorption with increasing intensity of Fusarium infection (Wang 
et al., 2005b; PaWelZik et al., 1998).
Wet gluten content was significantly increased about 14% in flours 
exceeding ML compared to flours fulfilling ML in 2007 (Fig. 5 B). 
This effect was former reported by Siuda et al. (2010). In 2009 
this effect was not visible which is supported by the findings of 
dexter et al. (1996). Other studies found wet gluten content reduced 
(Boyacioglu and hettiarachchy, 1995; meyer et al., 1986) in 
artificially Fusarium infected samples. 
Doug softening was slightly increased in flours exceeding ML in 
both years; however this effect was not significant (Fig. 6 A). Further 
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dough mixing properties (dough development time, dough stability) 
did not differ between the two groups (not shown). These results 
are confirmed by the study of dexter et al. (1996). However, other 
studies reported a decrease of dough development time (Wang et al., 
2005b; nightingale et al., 1999; PaWelZik et al., 1998), and dough 
stability (Wang et al., 2005b; nightingale et al., 1999; PaWel-
Zik et al., 1998) with increasing intensity of Fusarium infection. 
gartner et al. (2008) observed cultivar-depended an increase, a de-
crease as well as no impact of Fusarium infection on dough stability; 
also an increase of dough softening after Fusarium infection was 
observed. 
Microbaking test revealed significant differences in baking volume 
between the years (Fig. 6 B). Baking volume ranged from 360 to 
460 ml 100 g-1 flour and from 240 to 290 ml 100 g-1 flour in 2007 
and 2009, respectively. In 2007 baking volume was significantly 
increased in flours exceeding ML. The difference made up about 
44 ml 100 g-1 flour between the two groups. In 2009 no difference 
was detectable. An increase of baking volume after Fusarium in-
fection of wheat is a typical observation (lancova et al., 2008; 
gartner et al., 2008; Prange et al., 2005; Wang et al., 2005b; 
dexter et al., 1996). 
It was observed that loaves prepared from flours highly exceeding 
ML in 2007 partly lost their shape during leavening. After baking, 
these loaves appeared wider and flatter (Fig. 7). In these samples 
dough was already sticky and wet during handling for rapid mix test 
and therefore could not be brought into the common shape.
Discussion
Agronomic practices influence DON contamination 
of flour Type 550 
Certainly warm and humid weather conditions during wheat anthesis 
enhanced the epidemic spread of FHB and subsequent DON forma-
tion in grain (de WolF et al., 2003) and led to extraordinarily high 
DON content of flour in both years. Over 50% of the total samples 
of two years exceeded ML. In 2007, 50% of the flours exceeding 
ML trespassed ML of 0.75 mg kg-1 about factor 3.7, in 2009 about 
factor 2.9 (Fig. 2). The wide range of DON content of flours resulted 
from to the experimental design of the field trial where grain was 
harvested. The trial combined agronomic practices such as pre-crop, 
cultivar choice and fungicide treatment that were all known to influ-
ence (reduce or enhance) FHB in wheat. The effect of such agro-
nomic measures on DON content of grain was already investigated 
thoroughly by e.g. Beyer et al. (2006) and SchaaFSma et al. (2001). 
The present study demonstrates that the effect of pre-crop and cul-
tivar is still observable in processed grain (Fig. 1) even though one 
could expect that a cleaning step and milling of flour smoothes them 
(lancova et al., 2008). As in other studies the combination of pre-
Fig. 4:  Total gliadin (A), total glutenin (B), LMW-GS (C), and HMW-GS (D) content of flour Type 550 samples in 2007 and 2009 grouped into fulfilling 
(≤0.75) and exceeding (>0.75) EU maximum level of DON (mg kg-1) for flour. Significant difference between groups within year is indicated through 
* (p<0.001). Box plots show 25-75% percentile, median (solid line), and mean (dotted line).
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Fig. 5:  Sedimentation value (A), wet gluten content (B), and water ab-
sorption (C) of flour Type 550 samples in 2007 and 2009 grouped 
into fulfilling (≤0.75) and exceeding (>0.75) EU maximum level 
of DON (mg kg-1) in flour. Significant difference between groups 
within year is indicated through * (p<0.001). Box plots show 25-
75% percentile, median (solid line), and mean (dotted line).
crop maize with the highly susceptible cultivar led to the highest 
DON contamination of flour. Again the high risk coming from pre-
crop maize enhancing toxin accumulation in wheat grain is empha-
sized as reported before (e.g. dill-macky and joneS, 2000; Beck 
and lePSchy, 2000).
High DON contamination of flour is not necessarily associated 
with reduced technological quality
Aside from mycotoxin contamination of grain and processed cereal, 
many studies reported on the negative impact of FHB infection of 
wheat on grain composition, indirect quality traits and baking perfor-
mance (gartner et al., 2008; Wang et al., 2005 a, b; nightingale 
et al., 1999). However studies assessed Fusarium damage of wheat 
and the investigated material differently. This may limit the compa-
rability of the results of this study with former studies and could also 
explain contradictory results regarding the effect of FHB on wheat 
composition and quality.
The majority of studies investigated hand-picked kernel fractions 
with differing degree of FHB damage (Siuda et al., 2010; nightin-
gale et al., 1999; dexter et al., 1996; Bechtel et al., 1985). DON 
levels of the investigated samples there often highly exceeded those 
analyzed in this study (nightingale et al., 1999). Samples with very 
high DON contamination might be suitable to reveal what impact 
FHB has on the wheat kernel, yet they are not so much of practi- 
cal relevance in bread processing due to legally set percentage of 
Fusarium damaged kernels in grain and ML for DON (dexter and 
noWicki, 2003; Commission Regulation (EC) No 824/2000, Com-
mission Regulation (EC) No. 1881/2006). Therefore this study in-
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vestigated flour from cleaned grain. The still wide range of DON 
levels in flour made a categorization into flours either fulfilling or 
exceeding ML possible. Even though grain was cleaned in a one-
step procedure, DON contamination of most flours clearly exceeded 
ML and they were therefore unsuitable for further processing and 
consumption. Nevertheless it enabled an investigation whether there 
was an association between composition and quality of flours where 
DON levels were in and out the legal range.
Baking volume is the complex result of the interaction of various 
flour components, mainly starch and protein, with water and is the 
ultimate criterion of wheat to be categorized into wheat quality 
classes (according to Federal Office of Plant Variety). Starch con-
tent, starch properties, protein content and protein composition, 
more specifically composition and content of gluten protein, are all 
influenced by the complex interaction of environment and genotype 
(WilliamS et al., 2008; WieSer and kieFFer, 2001). Even though 
there were slight differences in starch content and glutenin composi-
tion in flours highly exceeding ML (Fig. 3, Fig. 4), baking volume of 
these flours was not negatively affected. In 2007, baking volume was 
even increased (Fig. 6). Moreover, indirect quality parameters such 
as sedimentation volume and protein content (Fig. 5, Fig. 3), which 
are commonly determined as predictors for baking performance, did 
not differ between flours fulfilling or exceeding ML indicating that 
there was no loss of quality to be expected from highly DON con-
taminated flours. The effect of Fusarium infection on baking volume 
depends on various factors, such as growing season, infection sever-
ity, protein content and protein quality (meyer et al., 1986). dexter 
et al. (1996) explained the increase in baking volume after Fusarium 
infection with an improved viscoelastic balance of gluten. However, 
overall flours in this study produced very low baking volume not 
meeting baking wheat quality as one might have expected. Obvi-
ously, experimental conditions (e.g. N fertilization) did not meet 
the demands of the two wheat cultivars to develop their potential as 
bread wheat.
Very high DON contamination of flour is associated with im-
paired dough handling and loss of loaf shape
Due to sticky and gluey properties dough handling was difficult in 
flours highly exceeding ML in 2007, resulting in a loss of loaf shape 
(Fig. 7). However, this was only visible in flours of the highly sus-
ceptible cultivar after pre-crop maize where DON content highly ex-
ceeded ML ranging from 3.18 to 11.84 mg kg-1. Loss of shape can 
also be seen as a loss of quality. However, this is not a commonly 
measured quality trait. Since dough mixing properties such as dough 
development time and dough softening did not differ between the 
two groups (Fig. 6), it became obvious that the dough mixing pro-
cedure according to ICC standard must not correspond with dough 
consistency during further handling. Wang et al. (2005b) also re-
ported an unfavorable dough consistency and handling problems of 
severely Fusarium infected grain. The plastic deformation of dough 
in this study, which was already visible after the first leavening, 
was probably due to enzymatic activity during dough processing 
(nightingale et al., 1999; PaWelZik et al., 1998). Proteolytic acti- 
vity may result from endoproteases secreted into the kernel by 
Fusarium spp. (Pekkarinen and joneS, 2002; Pekkarinen et al., 
2000). 
Conclusion
Summarizing, except from the loss of shape in 2007, there was no 
significant loss of technological quality measurable in flours within 
the range of DON content of this study (up to 11.84 mg kg-1). DON 
content of flours did not correlate negatively with a significant loss 
of quality measurable with the common indirect quality parameters 
or baking test. Loss of loaf shape was only visible in flours highly 
exceeding ML and therefore anyway unsuitable for further process-
ing and consumption. Since DON content of 0.75 mg kg-1 is the 
criterion of exclusion for further processing of flour, it can be con-
cluded that technological quality of flours fulfilling ML is not signifi-
cantly impaired by FHB of grain and that DON content must exceed 
ML manyfold before changed flour composition and reduced quality 
due to FHB infection of grain becomes measurable in flour Type 550 
with the common methods.
Acknowledgements
This study was conducted within the frame of the Forschungsver-
bund Agrar- und Ernährungswissenschaften Niedersachsen (FAEN) 
Joint Project 3 “Quality-related plant production under modified 
basic conditions: mycotoxins in the context of production, quality 
and processing”, funded by the Ministry of Science and Culture of 
Lower Saxony, Germany. The authors acknowledge the work of Dr. 
R. Goedecke, Department of Crop Sciences, General Plant Patho- 
logy and Crop Protection, University of Goettingen, Germany as 
well as the colleagues of the Institute for Sugar Beet Research, Goet-
tingen, Germany for design and maintenance of the field trial. The 
authors also thank Ulrike Hill for technical assistance.
References
adejumo, T.O., hettWer, U., karlovSky, P., 2007: Survey of maize from 
south-western Nigeria for zearalenone, alpha- and beta-zearalenols, fu-
monisin B-1 and enniatins produced by Fusarium species. Food Addit. 
Contam. 24, 993-1000.
Bechtel, d.B., kaleikau, l.a., gaineS, r.l., SeitZ, l.m., 1985: The 
effects of Fusarium graminearum infection on wheat kernels. Cereal 
Chem. 62, 191-197.
Beck, R., lePSchy, J., 2000: Ergebnisse aus dem Fusarium-Monitoring 
1989-1999-Einfluss der produktionstechnischen Faktoren Fruchtfolge 
und Bodenbearbeitung. In: Schriftenreihe der Bayerischen Landesanstalt 
für Bodenkultur und Pflanzenbau. (ed.) Pflanzenbau BLfBu, 39-47. Frei-
sing und München, Germany.
Belv, 2009: Besondere Ernte- und Qualitätsermittlung (BEE) (2009) In: 
Bundesanstalt für Landwirtschaft und Ernährung und Bundesministe-
rium für Ernährung, Landwirtschaft und Verbraucherschutz (ed.), Bonn.
Fig. 7:  Bread loaves prepared from flour Type 550 fulfilling (left) and highly exceeding (right) EU maximum level of DON for flour, kreuZBerger (2008).
184 M. Kreuzberger, S. Limsuwan, K. Eggert, P. Karlovsky, E. Pawelzik
Beyer, M., klix, M.B., klink, H., verreet, J.A., 2006: Quantifying the 
effects of previous crop, tillage, cultivar and triazole fungicides on the 
deoxynivalenol content of wheat grain − a review. J. Plant Dis. Prot. 
113, 241-246.
Bottalico, A., Perrone, G., 2002: Toxigenic Fusarium species and myco-
toxins associated with head blight in small-grain cereals in Europe. Eur. 
J. Plant Pathol. 108, 611-624.
Boyacioglu, d., hettiarachchy, n.S., 1995: Changes in some bio-
chemical components of wheat grain that was infected with Fusarium 
graminearum. J. Cereal Sci. 21, 57-62.
caSale, W.L., hart, L.P., 1988: Inhibition of 3H-leucine incorporation by 
trichothecene mycotoxins in maize and wheat tissue. Phytopathology 78, 
1673-1677.
de WolF, E.D., madden, L.V., liPPS, P.E., 2003: Risk assessment models 
for wheat Fusarium head blight epidemics based on within-season wea-
ther data. Phytopathology 93, 428-435.
dexter, J.E., noWicki, T.W., 2003: Safety assurance and quality Assurance 
Issues Associated with Fusarium Head Blight in Wheat. In: Leonard, 
K.J., Bushnell, W.R. (ed.), Fusarium Head Blight of Wheat and Barley, 
420-460. St. Paul, APS Press.
dexter, J.E., clear, R.M., PreSton, K.R., 1996: Fusarium head blight: Ef-
fect on the milling and baking of some Canadian wheats. Cereal Chem. 
73, 695-701.
dill-macky, R., joneS, R.K., 2000: The effect of previous crop residues 
and tillage on Fusarium head blight of wheat. Plant Dis. 84, 71-76.
Fao (2014): Dimesions of need − An atlas for food and agriculture. Staple 
foods: What do peolpe eat? 
 http://www.fao.org/docrep/u8480e/u8480e07.htm [07/08/2015].
eggert, k., WieSer, h., PaWelZik, e., 2010: The influence of Fusarium 
infection and growing location on the quantitative protein composition 
of (part I) emmer (Triticum dicoccum). Eur. Food Res. Technol. 230, 
837-847.
eggert, k., raWel, h.m., PaWelZik, e., 2011: In vitro degradation of 
wheat gluten fractions by Fusarium graminearum proteases. Eur. Food 
Res. Technol. 233, 697-705. 
erikSen, G.S., PetterSSon, h., 2004: Toxicological evaluation of trichoth-
ecenes in animal feed. Animal Feed Sci. Technol. 114, 205-239.
gartner, B.H., munich, M., kleijer, G., maScher, F., 2008: Characteri-
sation of kernel resistance against Fusarium infection in spring wheat 
by baking quality and mycotoxin assessments. Eur. J. Plant Pathol. 120, 
61-68.
goSWami, R., kiStler H., 2004: Heading for disaster: Fusarium graminear-
um on cereal crops. Mol. Plant Pathol. 5, 515-525.
icc (Ed.), 1999: Standard Methods of the International Association for Ce-
real Science and Technology (ICC). Vienna, ICC.
kang, Z.S., Buchenauer, h., 2000: Cytology and ultrastructure of the in-
fection of wheat spikes by Fusarium culmorum. Mycol. Res. 104, 1083-
1093.
kieFFer, r., BelitZ, h.d., ZWeier, m., iPFelkoFer, r., FiSchBeck, g., 
1993: A 10-g Micro-version of the Rapid-Mix-Test. Z. Lebens. Unters. 
For. 197, 134-136.
klotZel, M., lauBer, U., humPF, H.U., 2006: A new solid phase extraction 
clean-up method for the determination of 12 type A and B trichothecenes 
in cereals and cereal-based food by LC-MS/MS. Mol. Nutr. Food Res. 
50, 261-269.
koh, a., niShimura, k., urade, r., 2010: Relationship between endo- 
genous protein disulfide isomerase family proteins and glutenin macro-
polymer. J. Agr. Food Chem. 58, 12970-12975.
kreuZBerger, M., 2011: Fusarium infection of bread wheat and subsequent 
mycotoxin contamination of milling products: Impact on qualits para-
meters and composition of flour. Dissertation (https://ediss.uni-goettin-
gen.de/handle/11858/00-1735-0000-0006-AB3F-1)
lancova, K., hajSlova, J., koStelanSka, M., kohoutkova, J., nedel-
nik, J., moravcova, H., vanova, M., 2008: Fate of trichothecene my-
cotoxins during the processing: Milling and baking. Food Addit. Con-
tam. 25, 650-659.
matthauS, K., danicke, S., vahjen, W., Simon, O., Wang, J., valenta, 
H., meyer, K., StrumPF, A., ZieSeniB, H., FlachoWSky, G., 2004: 
Progression of mycotoxin and nutrient concentrations in wheat after in-
oculation with Fusarium culmorum. Archives of Animal Nutrition 58, 
19-35.
meyer, d., WeiPert, d., mielke, h., 1986: Beeinflussung der Qualität von 
Weizen durch den Befall mit Fusarium culmorum (in German). Getreide 
Mehl Brot 40, 35-39.
nightingale, m.j., marchylo, B.a., clear, r.m., dexter, j.e., PreS-
ton, k.r., 1999: Fusarium head blight: Effect of fungal proteases on 
wheat storage proteins. Cereal Chem. 76, 150-158.
oSBorne, L.E., Stein, J.M., 2007: Epidemiology of Fusarium head blight on 
small-grain cereals. International J. Food Microbiol. 119, 103-108.
PaWelZik, e., Permady, h.h., Weinert j., WolF, g.a., 1998: Untersu-
chungen zum Einfluß einer Fusarien-Kontamination auf ausgewählte 
Qualitätsmerkmale von Weizen (in German). Getreide Mehl Brot 52, 
264-266.
Pekkarinen, A., mannonen, l., joneS, B.l., niku-Paavola, M.L., 2000: 
Production of proteases by Fusarium species grown on barley grains and 
in media containing cereal proteins. J. Cereal Sci. 31, 253-261.
Pekkarinen, A.L., joneS, B.L., 2002: Trypsin-like proteinase proteases pro-
duced by Fusarium culmorum grown on grain proteins. J. Agricultural 
Food Chem. 50, 3849-3855.
PeStka, J.J., 2010: Deoxynivalenol: mechanisms of action, human exposure, 
and toxicological relevance. Arch Toxicol. 84, 663-679.
Prange, A., BirZele, B., kramer, J., meier, A., modroW, H., kohler, P., 
2005: Fusarium-inoculated wheat: deoxynivalenol contents and baking 
quality in relation to infection time. Food Control 16, 739-745.
riBichich, K.F., loPeZ, S.E., vegetti, A.C., 2000: Histopathological spike-
let changes produced by Fusarium graminearum in susceptible and re-
sistant wheat cultivars. Plant Disease 84, 794-802.
SchaaFSma, A.W., tamBuric-ilinic, L., miller, J.D., hooker, D.C., 
2001: Agronomic considerations for reducing deoxynivalenol in wheat 
grain. Can. J. Plant Pathol.-Rev. Can. Phytopathol. 23, 279-285.
SeitZ, L.M., euStace, W.D., mohr, H.E., Shogren, M.D., yamaZaki, 
W.T., 1986: Cleaning, Milling, and Baking Tests with Hard Red Winter 
Wheat Containing Deoxynivalenol. Cereal Chem. 63, 146-150.
Siuda, r., graBoWSki, a., lenc, l., ralceWicZ, m., SPychaj-FaBiSiak, 
e., 2010: Influence of the degree of fusariosis on technological traits of 
wheat grain. Int. J. Food Sci. Technol. 45, 2596-2604.
StatiStiScheS BundeSamt, 2013: Statistisches Jahrbuch über Ernährung, 
Landwirtschaft und Forsten 2013. 
 http://www.bmelv-statistik.de/de/statistisches-jahrbuch/ [07/08/2015].
terZi, V., morcia, C., Faccioli, P., Faccini, N., roSSi, V., cigolini, M., 
corBellini, M., Scudellari, D., delogu, G., 2007: Fusarium DNA 
traceability along the bread production chain. Int. J. Food Sci. Technol. 
42, 1390-1396.
Wang, J.H., PaWelZik, E., Weinert, J., WolF, G.A., 2005a: Impact of Fu-
sarium culmorum on the polysaccharides of wheat flour. J. Agric. Food 
Chem. 53, 5818-5823.
Wang, j.h., WieSer, h., PaWelZik, e., Weinert, j., keutgen, a.j., WolF, 
g.a., 2005b: Impact of the fungal protease produced by Fusarium cul-
morum on the protein quality and breadmaking properties of winter 
wheat. Eur. Food Res. Technol. 220, 552-559.
WindelS, C.E., 2000: Economic and social impacts of Fusarium head blight: 
Changing farms and rural communities in the Northern Great Plains. 
Phytopathol. 90, 17-21.
WieSer, h., anteS, S., Seilmeier, W., 1998: Quantitative determination of 
gluten protein types in wheat flour by reversed-phase high-performance 
liquid chromatography. Cereal Chem. 75, 644-650.
WieSer, h., 2000: Simple determination of gluten protein types in wheat 
flour by turbidimetry. Cereal Chem. 77, 48-52.
WieSer, h., kieFFer, r., 2001: Correlations of the amount of gluten protein 
types to the technological properties of wheat flours determined on a 
 Flour composition and baking quality of wheat associated with EU maximum level for DON 185
micro-scale. J. Cereal Sci. 34, 19-27.
WilliamS, R.M., o’Brien, L., eagleS, H.A., Solah, V.A., jayaSena, V., 
2008: The influences of genotype, environment, and genotype x environ-
ment interaction on wheat quality Australian. J. Agric. Res. 59, 95-111
Zinedine, A., Soriano, J.M., molto, J.C., maneS, J., 2007: Review on the 
toxicity, occurrence, metabolism, detoxification, regulations and intake 
of zearalenone: An oestrogenic mycotoxin. Food Chem. Toxicol. 45, 
1-18.
Address of the authors:
Dr. Marie Kreuzberger, Julius Kühn-Institut, Federal Research Centre for 
Cultivated Plants, Institute for Biosafety in Plant Biotechnology, 06484 
Quedlinburg, Germany.
E-mail: marie.kreuzberger@jki.bund.de
Dr. Sasithorn Limsuwan, Betagro Science Centre Co., Ltd., Klong Nueng, 
Klong Luang, Pathumthani 10120, Thailand. 
E-mail: jjoy1117@yahoo.com
© The Author(s) 2015.
                                 This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Share-Alike License (http://creative-
commons.org/licenses/by-sa/4.0/).
Dr. Kai Eggert, Leibniz-Institut für Pflanzengenetik und Kulturpflanzen- 
forschung (IPK), Molecular Plant Nutrition, 06466 Stadt Seeland, Germany.
E-mail: eggert@ipk-gatersleben.de
Prof. Dr. Petr Karlovsky, Molecular Phytopathology and Mycotoxin 
Research, Department of Crop Sciences, Faculty of Agricultural Sciences, 
Georg-August University of Goettingen, 37075 Goettingen, Germany.
E-mail: pkarlov@gwdg.de
Prof. Dr. Elke Pawelzik, Quality of Plant Products, Department of Crop 
Sciences, Faculty of Agricultural Sciences, Georg-August University of 
Goettingen, 37075 Goettingen, Germany.
E-mail: epawelz@gwdg.de
